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Scofopic  critical  flicker  frequency  is  difHcult  to  measure  because  the  retinal  sensitivity  in 
the  scotopic  range  is  greater  In  the  periphery,  thereby  requiring  the  subject  to  perform  the  unnatural 
task  of  fixating  at  one  point  in  the  visual  field  and  mentally  concentrating  on  an  event  occurring  at 
another  point.  Other  sources  of  error  (common  also  to  photopic  measurements)  are  a  varying  rate  of 
frequency  change  and  the  photic  driving  effect  from  prolonged  exposure  to  flickering  light.  These 
errors  were  reduced  by  developing  apparotjs  and  techniques  with  the  following  significant  features: 
I)  a  uniform  light  source  subtending  a  large  visual  angle,  thus  reducing  the  fixation  difficulty; 

2}  a  discontinuous  exposure  to  the  flickering  stimulus  without  changing  the  intensity  of  the  stimulus, 
thus  eliminating  the  photic  driving  effect  while  also  permitting  the  subject  to  compare  a  flicker  and 
fused  condition  continually  tiiroughout  the  measurement  period;  3)  a  constant  rate  of  frequency 
advance  from  a  randomly  selected  starting  point  to  the  subject's  threshold;  4)  an  '.ctive  response  by 
the  subject  for  each  stimulus  period  in  which  the  light  appeared  to  be  flickering;  and  5)  a  printed 
record  of  each  response  from  which  the  experimenter  can,not  only  measure  the  thre8hold,but  also 
judge  the  subject's  discriminating  ability  as  he  approaches  the  threshold, 


The  device  allows  the  scotopic  critical  flicker  frequency  of  naive  subjects  to  be  easily 
measured  with  good  repeatability.  Some  of  the  results  suggest  thot  the  method  Is  very  sensitive  to 
both  central  nervous  system  depressants  and  stimulants. 
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THE  PROBLEM 

Seotople  critical  flicker  frequency  it  difftcuif  to  meexure  because  fhe  retinal  sen¬ 
sitivity  in  the  scotoptc  range  Is  greater  In  the  periphery/  thereby  requiring  the  subject 
to  perform  the  unnoiurol  task  of  fixating  at  one  point  in  the  visual  field  and  mentally 
concentrating  on  oit  event  occurring  at  another  point.  Other  sources  of  error  (common 
also  to  photopic  maosurements)  ore  a  varying  rate  of  frequency  change  and  the  photic 
driving  effect  frof  i  prolonged  exposure  to  flickering  light.  The  problem  was  to  develop 
an  apparatus  and  technique  to  eliminate  or  minimize  these  sources  of  error.  These/ 
then,  would  allrw  measurement  of  scotopic  critical  flicker  frequency  to  be  further 
developed  and  i  sed  os  an  indicator  of  central  nervous  system  involvement  In  psycho- 
physiological  stress. 

FINDINGS 

The  apparatus  and  technique  were  developed  with  the  following  significant 
features:  1)  n  uniform  light  source  subtending  a  large  visual  angle/  thus  reducing  the 
fixation  difficulty;  2)  a  discontinuous  exposure  to  the  flickering  stimulus  without  chang¬ 
ing  the  Intensity  of  the  stimulus/  thus  eliminating  the  photic  driving  effect  while  also 
permitting  the  subject  to  compare  a  flicker  and  fused  condition  continually  throughout 
the  measuroment  period;  3)  a  constant  rate  of  frequency  advance  from  a  randomly 
selected  starling  point  to  the  subject's  threshold;  4)  an  active  response  by  the  subject 
for  each  stimulus  period  In  which  the  light  appeared  to  be  flickering;  and  5)  a  printed 
record  of  noch  response  from  which  the  experimenter  can/  not  only  measure  the  thresh¬ 
old/  but  also  judge  the  subject's  discriminating  ability  os  he  approaches  the  threshold. 

The  device  allows  the  scotopic  critical  flicker  frequency  of  naive  subjects  to  be 
easily  measured  with  good  repeatability.  Some  of  the  results  suggest  that  the  tech¬ 
nique  Is  very  sensitive  to  both  central  nervous  system  depressants  and  stimulants. 
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INTRODUCTION 


The  basic  research  study,  from  which  this  report  emanated,  was  an  effort  to 
Identify  effects  of  long-term  exposure  «f  man  to  a  simulated  lunar  magnetic  environment 
(4).  A  wide  variety  of  tests  were  used.  Including  critical  flicker  frequency  (CFF)  li) 
both  the  photopic  and  scotopic  range.  In  the  Initial  experiment,  all  these  tests  were 
negative  except  for  CFF  with  eccentric  fixation.  This  was  a  significont  finding  because 
CFF  has  generally  been  used  as  an  Indicator  of  psychophysiological  stress  (2,  3,  5,  7, 

8,  10-12).  To  eliminate  any  possible  artifacts  that  might  hove  resulted  in  such  a  find¬ 
ing,  It  was  decided  to  concentrate  on  further  development  of  the  apporatus  for  measuring 
scotopic  critical  flicker  frequency  (SCFF).  An  extensive  literature  review  was  conducted 
to  determine  what  sources  of  error  had  been  encountered  in  CFF  measurements  by  other 
Investigators.  The  errors  were  then  systematically  eliminated  or  minimized  either  by 
equipment  design  or  experimental  technique.  The  result  was  a  unique  apparatus, which 
along  with  operating  procedure,  typical  results,  and  suggested  applications.  Is  iSe  sub¬ 
ject  oF  this  report. 


RATIONALE 

The  technique  by  which  SCFF  is  usually  measured  requires  a  small  steady  light 
upon  which  the  subject  fixates  and  a  flickering  test  area  displaced  from  the  fixation 
light.  The  test  area  is  displaced  from  the  fixation  light  because  rods  are  more  sensitive 
to  light  Intensities  In  the  scotopic  range,  and  the  fovea  contains  only  cones.  The  cone 
density  decreases  while  the  rod  density  Increoses  from  the  center  to  the  periphery; 
therefore,  the  sonsation  for  scotopic  flicker  is  more  sensitive  for  an  eccentric  retinal 
image.  The  technique  is  sound  in  theory  and  is  the  preferred  method  if  one  desires  to 
map  the  SCFF  sensitivity  contours  of  the  retinc.  The  difficulty,  however,  lies  in  the 
unnatural  task  of  fixating  at  one  point  in  the  visual  field  and  mentally  concentrating  on 
an  event  occurring  at  another  point;  therefore,  the  subject's  skill  and  motivation  to 
overcome  this  difficulty  must  be  considered  in  assessirg  the  validity  of  a  particular 
measurement. 

If  it  is  not  necessary  to  identify  the  retinal  point  from  which  the  sensation  arises, 
the  fixation  difficulty  can  be  reduced  by  using  a  test  area  subtending  a  large  visual 
angle.  The  subject  is  not  required  to  fixate  at  any  specific  point  because  some  part  of 
the  retinal  Image  will  always  lie  In  the  periphery  and  appear  to  be  flickering.  If  the 
subject  yields  to  his  reflex  tendency  to  shift  his  fixation  to  the  flickering  area,  the  point 
from  which  he  shifted  will  appear  to  be  flickering  since  it  now  forms  an  eccentrically 
located  image  on  the  retina.  No  matter  where  he  fixates,  some  portion  of  the  retinal 
image  will  lie  in  the  periphery.  In  practice,  the  subject  continues  to  scan  the  test  area 
and  as  the  frequency  increases,  he  will  experience  the  sensation  of  flicker  over  a  dimin¬ 
ishing  portion  of  the  retinal  image  until  the  SCFF  of  every  part  of  the  exposed  retina  has 
been  surpassed.  This  basic  method  was  chosen  for  further  development  because  it  requires 
minimum  skill  and  is  better  suited  for  planned  research  in  which  measurements  ore  to  be 
taken  repeatedly  on  subjects  over  a  long  period  of  time  where  motivation  could  be 
influenced  by  boredom. 
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Although  tho  largo  tost  aroa  roducoi  tho  fixation  problom,  this  basic  mothod 
still  contains  other  sources  of  error  usually  mieountered  In  CPF  measurements.  For 
excvnple,  It  has  been  shown  (11)  that  In  the  photoptc  range/  the  CFF  Is  affected  by  the 
rate  at  which  the  frequency  is  varied  In  the  approach  to  the  threshold.  A  short  experi¬ 
ment  woi  conducted  to  determine  the  extent  of  this  effect  in  the  scotoplc  range.  The 
results  are  shown  In  Table  I  and  clearly  indicate  that  the  frequency  must  be  varied  at  the 
some  rate  for  all  measurements.  Manually  advancing  the  frequency  is  the  usual  method, 
although  It  Is  extremely  difficult  to  do  so  at  the  same  rate  for  each  measurement.  This 
source  of  error  was  eliminoted  by  using  a  voltage-controlled  oscillator  with  a  built-in 
sweep  generator. 

Another  source  of  error  arises  from  the  photic  driving  effect  (1)  in  which  contin¬ 
uous  exposure  to  light  pulsing  slightly  above  the  CFF  elevates  subsequent  measurements 
and  light  pulsing  below  depresses  subsequent  measurements.  This  effect  can  be  elimi¬ 
nated  by  using  a  discontinuous  stimulus  with  a  stepwise  exposure  period  of  1  to  6  seconds 
(6,  9/  11).  In  the  tests  reported  here,  the  flickering  stimulus  was  made  discontinuous  in 
a  unique  way  by  periodically  (at  4.5-second  intervals)  jumping  the  frequency  to  a  point 
well  above  the  subject's  threshold.  The  frequency  remained  high  for  2.5  seconds  and 
then  dropped  back  to  the  below-throshold  frequency.  The  intensity  was  identical  for 
both  frequencies.  This  alternating  exposure  to  frequencies  above  and  below  the  subject's 
threshold  not  only  breaks  up  the  photic  driving  effect,  but  also  allows  the  subject  to 
alternately  compare  a  flickering  and  nonflickering  condition. 

Such  comparisons  reduce  the  physiological  accommodation  to  weak  stimulus  near 
the  threshold,  thus  producing  a  more  sharply  defined  critical  flicker  frequency.  Accom¬ 
modation  near  the  critical  point  is  manifested  by  an  apparent  decrease  in  length  of  the 
flickering  period,  with  the  sensation  of  flicker  being  greatest  at  the  onset  of  the  flicker¬ 
ing  period.  As  the  frequency  continues  to  increase,  the  sensation  is  reduced  to  what 
might  be  described  as  a  "blink"  occurring  simultaneously  with  the  change  in  oscillator 
frequency  from  high  to  low.  The  subject  may  continue  to  respond  to  this  apparent 
change,  which  also  disappears  with  increasing  frequency,  leaving  only  a  steady  light. 
Responding  to  this  change  is  theoretically  /olid  and  accurately  represents  the  SCFF 
because  the  highest  frequency  at  which  the  change  can  be  detected  corresponds  to  the 
limit  of  temporal  discrimination  in  the  visual  system. 

APPARATUS  AND  TECHNIQUE 

The  effectiveness  of  these  design  features  can  be  more  clearly  demonstrated  by  a 
functional  description  of  the  apparatus  shown  schematically  in  Figure  1. 

The  light  source  is  an  electroluminescent  lamp  manufactured  by  the  General 
Electric  Company,  Cleveland,  Ohio.  This  type  of  lamp  is  physically  flat,  and  the  light 
intensity  is  uniformly  distributed  over  the  entire  surface  of  the  lamp.  A  white  translu¬ 
cent  Plexiglas  plate  placed  over  the  lamp  creates  a  soft  white  light  of  uniform  distribu¬ 
tion.  The  intensity  response  time  is  well  suited  to  modulation  in  the  range  of  SCFF. 

The  lamp  is  enclosed  in  an  opaque  box,  shown  in  Figure  2,  containing  a  36-mm  hole  In 
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Fl gure  1 

FuncHonal  Ofagram  of  Apparatus  for  Measuring  Scotoptc  Critical  Flicker  Frequency 

The  uniform  light  sou.ce  ai’btends  a  large  visual  angle  and  thus  reduces  the 
fixation  difficulty.  The  voltage-controlled  oscillator  modulates  the  lamp  and 
provides  a  constant  rate  of  frequency  advance  from  a  randomly  selected  starting 
point  to  the  subject's  threshold.  The  pulse  generator  is  triggered  at  4.5-second 
intervals  by  the  motor-driven  switch.  The  2.5-second  pulse  raises  the  oscillator 
frequency  above  the  subject's  threshold  without  changing  the  intensity  of  the 
stimulus,  thus  allowing  the  subject  to  compare  a  flicker  and  fused  condition  con¬ 
tinually  throughout  the  measurement  period.  At  the  beginning  of  the  2-second 
flickering  period  the  subject  taps  the  remote  reset  switch,  causing  the  waveform 
period  to  be  measured  by  the  electronic  counter  and  recorded  by  the  digital  recorder. 
The  sequence  continues  until  the  low  frequency  exceeds  the  subject's  threshold. 

The  last  entry  on  the  recorder  Is  the  period  of  the  highest  frequency  for  which  the 
subject  detected  flicker. 
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Figure  2 

Subject's  Portion  of  the  Apparatus  for  Measuring  Scotopic  Critical  Flicker  Frequency 

The  entire  box  Is  pivoted  on  the  sides  with  a  slight  imbalance  toward  the  front. 
This  feature  permits  the  subject  to  quickly  adjust  and  maintain  the  box  at  a  comfort¬ 
able  position  with  only  slight  pressure  on  his  nose.  The  left  eye  is  completely  blocked 
and  the  test  area  Is  viewed  only  by  the  right  eye.  The  remote  reset  switch  in  the 
lower  right  corner  is  tapped  each  time  the  light  changes  from  a  steady  to  o  flickering 
condition. 
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th«  side  oppotit«  the  tllumlneted  surface.  The  subject's  head  is  fixed  In  front  of  the  box 
so  that  the  Illuminated  surface,  38  cm  distant,  oppears  as  a  circular  field  with  a  visual 
angle  determined  by  the  hole  size  In  a  thin  piece  of  mica,  which  along  with  a  neutral 
gray  filter  covers  the  larger  hole  In  the  box. 

The  Intensity  of  the  stimulus  is  determined  by  the  filter  which  con  be  eosily 
removed  and  replaced  by  onn  having  the  desired  density.  The  filter  may  be  selected 
without  making  absolute  intensity  measurements.  The  Intensity  Is  In  the  scotopic  range 
when  any  arbitrary  point  of  fixation  In  the  test  area  appears  dimmer  than  the  surrounding 
area;  os  the  SCFF  is  approached,  the  sensation  for  flicker  is  seen  only  In  the  periphery 
of  the  retinal  image. 

The  lamp  is  powered  by  a  400-cycle,  115V,  power  supply.  An  ac-current  gate 
blocks  the  current  flow  to  the  lamp  unless  a  voltage  is  applied  to  the  gate  input.  A 
square  wave  from  the  voltage-controlled  oscillator  Is  applied  to  the  gate  input  of  the 
ac-current  gate,  thus  causing  the  electroluminescent  lamp  to  flicker  with  a  light/dark 
ratio  of  50:50  and  at  the  same  rate  as  the  oscillator  frequency.  Conventional  60-cycle 
power  could  not  be  used  because  the  third  harmonic  would  be  between  45  and  60  cycles 
per  second  and  would  produce  a  beat  frequency  below  the  sub|ect's  CFF.  This  beat 
frequency  would  decrease  as  the  oscillator  frequency  increased,  and  the  subject  would 
continue  to  detect  flicker  even  after  the  oscillator  frequency  had  exceeded  his  SCFF. 

The  voltage-controlled  oscillator  was  manufactured  by  Wavetek,  San  Diego, 
California.  The  output  frequency  of  this  oscillator  is  controlled  by  the  voltage  level  at 
a  terminal  within  the  instrument.  This  level  can  be  changed  in  three  ways:  manually  by 
a  dial  which  is  attached  to  a  potentiometer,  internally  by  the  output  of  a  built-in  sweep 
generator,  and  electrically  by  applying  a  voltage  from  an  external  source.  The  sweep 
generator  was  used  to  slowly  increase  the  frequency,  at  a  constant  rate  of  0.6  cycle 
per  sec  per  minute,  from  a  starting  point  set  by  the  manual  dial.  The  starting  point  was 
randomly  selected  for  each  measurement  by  rolling  a  single  die  and  adjusting  the  manual 
dial  to  one  of  six  points  corresponding  to  one  of  six  sides  of  the  die.  The  purpose  of  a 
random  starting  point  is  to  prevent  the  subject  from  anticipating  the  approach  to  his  SCFF 
by  becoming  accustomed  to  a  particular  time  span  required  for  making  a  measurement. 

The  frequency  starting  points  ranged  from  2  to  5  cycles  per  second  below  the  subject's 
SCFF.  The  starting  frequency  should  bo  low  enough  to  provide  a  strong  sensation  of 
flicker  at  the  beginning  of  the  measurement.  It  should  not  be  so  low  as  to  risk  subject 
fatigue  by  the  resulting  long  time  period  required  to  reach  his  SCFF. 

The  third  method  of  changing  the  oscillator  frequency,  applying  a  voltage  from 
an  external  source,  was  used  to  periodically  discontinue  the  flicker  sensation  by  Instan¬ 
taneously  increasing  the  frequency  to  a  point  well  above  the  subject's  CFF.  The 
external  source  Is  a  waveform  generator  manufactured  by  Tektronix,  Inc,,  Beaverton, 
Oregon,  which  puts  out  a  square  pulse  of  2.5  seconds'  duration  when  triggered  at 
intervals  of  4.5  seconds  by  the  motor-driven  switch.  The  amount  which  the  frequency 
Increases  as  a  result  of  this  pulse  Is  a  function  of  the  pulse  height.  The  height  should  be 
adjusted  such  that  even  at  the  lowest  starting  frequency,  the  Instantaneous  Increase  In 
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frequency  will  exceed  fhe  lubjeef'i  fhreiHold  and  thui  appear  ei  e  iteedy  llghf.  Far 
meaiurementi  In  thii  report  the  pulie  Inereeted  the  frequency  obaut  I  te  10  eyelet  per 
second. 


The  subject  was  simply  Instructed,  “Tap  the  remote  reset  switch  each  time  the 
light  changes  from  e  steady  to  a  flickering  condition i“  This  switch  ceuted  the 
electronic  counter  to  measure  and  digitally  record  the  period  of  the  etel Motor  waveform • 
After  the  subjects  were  dark  adopted  for  45  minutes  In  tetol  dorkness,  the  following 
events  were  required  for  each  SCFF  measurement!  I)  The  experimenter  menuelly 
adjusted  the  starting  frequency  of  the  oscillator  to  o  point  randomly  chosen  by  rolling  e 
die,  and  then  pressed  o  switch  on  the  oscillator  control  panel  to  simultaneously  oitivite 
the  oscillator  and  sweep  generator.  2)  The  waveform  generator,  triggered  by  the  motor'* 
driven  switch,  Instantaneously  Increased  the  frequency  of  the  osellletor  to  e  point  obove 
the  subject's  SCFF.  3)  At  the  end  of  this  2.5-seeond  pulse,  the  frequency  returned  te  i 
point  below  the  subject's  SCFF,  thus  producing  the  sensation  of  flicker  to  which  the 
subject  responded  by  tapping  the  remote  reset  switch,  causing  the  electronic  counter  to 
measure  and  record  the  period  of  the  oscillator  waveform.  4)  Steps  2  end  3  were 
repeated  with  each  recorded  frequency  being  slightly  higher  then  the  previous  one  until 
the  slowly  Increasing  oscillator  frequency  for  the  2-seoond  flickering  stimulus  beiiome  so 
high  that  the  subject  could  not  detect  any  change  when  the  oscillator  shifted  to  end 
from  the  higher  frequency  because  both  the  low  ond  high  frequency  exceeded  his  ICFF, 
thus  making  the  light  appear  steady.  The  apparently  continuous  light  prevents  the 
subject  from  making  a  selective  response.  He  should  not  press  the  switch  under  these 
conditions,  for  If  he  does,  he  has  o  greater  probability  of  pressing  It  during  the  2,5 
seconds  that  the  oscillator  frequency  Is  high  than  for  the  2  seconds  In  which  It  Is  low. 

The  printed  record  will  show  these  higher  frequencies,  and  the  experimenter  will  know 
the  subject  Is  responding  Improperly. 

Requiring  the  subject  to  actively  respond  within  a  short  time  Interval  eeeh  time 
he  observes  a  change  from  steady  to  flickering  light  Is  on  important  pert  of  the  measure¬ 
ment  for  three  reasons.  He  must  concentrate  on  the  quality  of  light  end  cannot  allow  hli 
attention  to  waver  without  the  experimenter's  knowledge.  He  observes  both  a  steady 
and  flickering  condition  and  Is  forced  to  moke  an  Increasingly  difficult  discrimination 
between  these  conditions.  A  printed  record  Is  provided  upon  which  the  experimenter 
can  judge  the  quality  of  the  subject's  performance  and  ability  to  make  this  diierlmlnation* 
If  the  change  In  frequency  between  each  line  of  the  record  Is  uniform  throughout,  the 
subject  Is  conservative  In  his  distinction  between  a  steady  ond  flickering  eenditlon.  If 
he  Is  liberal  In  his  judgment,  he  will  continue  to  respond  to  the  weaker  laniatlan  of 
flicker  occurring  near  his  SCFF,  and  the  printed  record  will  contain  irraguiaritlai  lufh 
as  a  high-frequency  prInt-out  Indicating  exceiilva  delay  In  the  rtiponia,  or  He  may  fail 
to  respond  to  one  of  the  2-seeond  flicker  pariodi,  but  respond  to  the  next  enai  Nth  of 
these  irregularities  reflect  elements  of  Indaelsion  essoelotad  with  efforts  te  peraelve 
flicker  as  the  frequency  neers  the  critical  peint«  The  printed  reaerd,  therereref  previdei 
not  only  a  quantitative  measure  of  the  subject's  SCFF,  but  else  quelitetlve  Indiceten  ef 
the  degree  to  which  subjective  preeassas  were  Involved  In  arriving  et  the  finol  end  point i 
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TfSTS  AND  RiSULTS 


Tht  ftehnNut  reporNd  htrt  cannot  raadtly  ba  avaluatad  by  diraet  eompariioni 
with  othar  maaiuramanti  In  tha  leoteple  ranga  ilnea  praettoolly  all  work  In  which  CPF 
data  hava  baan  racerdad  oi  a  function  of  tima  hat  baan  In  tha  photopio  ranga.  Compor- 
lien  with  thaia  photople  data  luggaiti  that  tha  raproduelbtllty  and  lanittlvlty  it  quita 
good. 


PIftaan  lubjaeti  heva  baan  taitad  with  thli  method  during  parlodi  of  eonfinamant 
ranging  from  10  .‘o  16  dayi.  Tha  SCPP  wai  maaiurad  In  tha  morning  and  oftarnoon  of 
aach  day  throughout  tha  antira  period.  Tha  avaraga  itendard  deviation  wai  0.9  Hx,  or 
about  5  per  cent  of  tha  maan.  Theta  valuet  compare  favorably  with  thoie' reported  In  the 
literature  (i,  13)  In  which  itandord  davlotloni  In  tha  photople  ranga  were  typically  3  to 
4  Hi,  or  approximately  1  pe"  cent  of  the  mean.  Correlation  between  mean  value  ehongei 
and  tha  time  eourie  of  confinement  wai  not  eontiitent  among  all  our  iub{eeti.  Tha  mean 
value  gradually  Inereaied  for  ilx  iub|ecti,  wot  unchanged  for  four  iub|ecti,  and  grad¬ 
ually  deereaied  for  four  iub|eott.  (The  remaining  iub|act  li  a  ipecial  caie  and  will  be 
diieuiied  below.)  If  the  gradual  ehangei  were  cuuied  by  the  piyehophyilologleal  itreii 
of  confinement,  the  effect!  were  obviouily  ipecifle  for  each  lubject. 

Other  pattern!  of  Individual  variance  were  ob!erved  by  WaUh  and  Mlilak  (13) 
end  Landli  (6)  In  their  !tudlei  of  diurnal  variation  of  photople  CPP.  Many  of  their  !ub- 
led!  ihowed  no  dolly  variation,  !ome  were  higher  In  the  morning  and  lower  In  the  after¬ 
noon,  but  mo!t  Inereaied  throughout  the  day.  For  the  preient  itudy  In  the  icotople  range, 
iU  lubjeeti  generally  maintained  the  pattern  of  their  diurnal  variation.  A  typical  reiult 
li  ihowr  In  Figure  3.  For  the  other  !ub|eet!,  however,  the  potterni  reveriad  direction 
leveral  tlme»,  were  very  erratic,  and  no  conilitent  pattern  could  be  eitabllihed.  Such 
reveriuli  may  have  been  cauied  by  the  lubjaoti  lieeplng  during  their  free-tIme  parlodi 
and  thu!  dliturbing  thair  normal  diurnal  rhythm, 

Date  from  ana  of  the  13  «ub|ecti  muit  be  treated  leparetely.  About  midway 
through  the  confinement  period,  he  wai  treated  for  ilnuiitli  with  an  ontihlitemlnlc 
compound  commonly  known  by  Iti  trade  name,  Ornade.  Hli  SCPP  dropped  16  per  cent 
over  a  13-hour  period.  Thli  change  li  very  ilgnifleant  (P  laii  than  .001)  end  li  In  the 
lame  direction  but  of  a  much  greater  percentage  than  generally  obierved  with  antihlita- 
mlnei  In  itudlei  of  the  effect  of  drugi  on  CPP  In  the  photople  range  (14). 

In  other  drug  itudiei  Larion,  Finnegan,  and  Haag  (6)  hove  ihown  that  nicotine 
tnereaiei  photople  CPP  by  approximately  5  per  cent.  To  determine  whether  iub|ecti  In 
tha  praiant  axparlment  ihould  ba  allowed  to  imoke,  a  ihort  axparlment  wai  conducted  to 
maaiura  tha  effaet  of  nicotine  on  CPP  In  tha  icotople  ranga.  Three  protpeetiva  iub|aeti 
ware  raitrictad  from  imeking  far  12  heuri.  After  a  45-mlnuta  dark  adaptation,  thair 
SCPP  wai  maaiurad  at  tntarvali  aver  a  I -hour  parlod;  than  they  imokad  two  elgarattai 
and  thair  SCPP  wai  taken  at  Intaiveli  over  tha  next  l-hour  period.  Tha  SCPP  Inereaied 
ihai|ily  In  all  iub(aeti  by  an  avaraga  of  1 1 .5  par  cant.  Tha  effaet  wai  ilgnifleant  for  all 
iub|aati  (P  tail  than  .001),  and  tha  SCPP  maoiuramant  technique  wei  obviouily  vary 
laniitiva  ta  nlcatlna. 
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Ftgura  3 

Th«s«  seotopic  crIHoal  flicker  frequency  meoiurementi  were  taken  on  a  iub|ect 
who  was  confined  with  two  other  lubjectt  to  on  8  ft  x  8  ft  area  throughout  the  14-day 
period  ihown.  Each  open  square  represents  the  mean  of  all  measurements  (closed 
circles)  taken  for  that  session.  Sessions  were  conducted  at  9i00  a.m.  and  at  3:00  p.m. 
The  diurnal  variation  pattern  was  quite  stable,  with  the  higher  values  occurring  in  the 
afternoon . 
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CONCLUSIONS 


The  technique  for  measuring  scotopic  critical  flicker  frequency  (SCFF)  that  hat 
been  described  in  this  report  was  used  primarily  to  study  the  effects  of  a  simulated  lunar 
magnetic  environment  on  human  subtects  (^);  no  changes  in  SCFF  occurred  that  could  be 
attributed  to  the  magnetic  environment.  The  iai^e  volume  of  data  accumulated  clearly 
shows  that  SCFF  can  be  measured  with  good  reproducibility  by  this  method.  The 
measurement  was  shown  to  be  very  sensitive  to  nicotine  and  probably  to  Or^de.  The 
magnitude  of  the  change  induced  by  these  two  drugs  strongly  indicates  that  the  technique 
can  be  applied  to  research  involving  central  nervous  system  depressants  or  stimulants. 
Further  research  is  needed  to  establish  a  quantitative  relationship  between  dose  levels 
and  the  extent  and  duration  of  the  SCFF  effect.  Such  data  would  have  many  research 
applications  and  might  also  lead  to  the  development  of  SCFF  as  a  primary  or  secondary 
screening  technique  for  habitual  drug  users. 

Several  features  of  this  apparatus  designed  here  for  CFF  in  the  scotopic  range 
could  be  incorporated  in  the  design  of  a  device  for  measuring  CFF  in  the  photopic  range. 
Interrupting  the  flickering  sensation  by  instantaneously  increasing  the  frequency  to  a 
point  above  the  sub|ect's  threshold  and  an  active  response  by  the  subject  for  each 
stimulus  period  are  unique  features  which,  if  applied  to  photopic  CFF,  would  probably 
produce  more  accurate  and  reproducible  measurements. 

The  application  and  refinement  of  these  techniques  in  both  the  scotopic  and 
photopic  range  should  be  quite  useful  for  the  applications  reviewed  by  Simonson  and 
Brozek  (11),  and,  in  general  as  an  indicator  of  central  nervous  system  involvement  in 
psychophysiological  stress. 
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